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(54) Method for the production of formaldehyde 

(57) A metliod for fonnaldehyde production through 
catalytic oxidation of methanol, comprising the steps of 
feeding to a first oxidation catalytic bed (2) a gas flow 
comprising methanol and oxygen at a predetermined 
crossing linear flow rate, obtaining at the outlet of said 
first catalytic bed (2) a flow of gaseous reaction products 
comprising unreacted methanol, and feeding the flow of 
gaseous products to a second oxidation catalytic bed 
(6) Is distinguished by the fact that the flow of gaseous 
reaction products comprising unreacted methanol is fed 
to the second catalytic bed (6) with a crossing linear flow 
rate substantially equal to said predetermined first cat- 
alytic bed (2) feeding flow rate. 




Fig.1 



0. 
UJ 



F^tedbyJcxive,75001PARJS(FR) BEST AVAILABLE COPY 



EP1 166 864A1 



Description 

[0001] In its general aspect the present invention re- 
lates to a method for the production on an industrial 
scale of formaldehyde. s 
[0002] Specifically, the invention relates a method of 
the above-mentioned kind for formaldehyde production 
through catalytic oxidation of methanol. 
[0003] More in particular, such method for the produc- 
tion of formaldehyde through catalytic oxidation of meth- io 
anol comprises two steps. 

[0004] The first step concerns the feeding to a first ox- 
idation catalytic bed of a gas flow comprising methanol 
and oxygen at a predetemiined feeding flow rate. 
[0005] Following said oxidation, a flow of gaseous re- is 
action products is obtained at the outlet of the first cat- 
alytic bed also comprising unreacted methanol. 
[0006] The second step concerns the feeding of the 
flow of gaseous products to a second oxidation catalytic 
bed. 20 

Prior art 

[0007] It is well known that the methanol oxidation re- 
action to fonfnaldehyde is carried out feeding at a pre- 25 
determined flow rate a flow of gaseous reactants com- 
prising oxygen and methanol in a catalytic bed. 
[0008] Such predetermined flow rate allows obtaining 
the partial conversion of the reactants into products, ac- 
cording to the residence times, the temperature and the 30 
nature of the catalyst of the catalytic bed. 
[0009] It shall be considered that the methanol reac- 
tion into formaldehyde is exothermic, hence heat is re- 
leased as the reaction proceeds. 

[001 0] As the reaction is catalytic, the same is carried 35 
out in the aforesaid catalytic bed, said bed being of the 
pseudo-isothermal type. 

[0011] The expression "pseudo-Isothermal catalytic 
bed" is meant to indicate a catalytic bed wherein the 
temperature is maintained within a relatively narrow 
range of values by means of heat removal through a 
heat exchange surface. 

[0012] Such catalytic bed is made of tubes Inside 
which the catalyst is introduced, such tubes being ar- 
ranged parallel to each other and building up a tube bun- ^5 
die. 

[0013] The tubes filled with catalyst are crossed by 
the gaseous reactants and externally are lapped by a 
fluid intended for the continuous heat removal, which is 
not anyway large enough for an effective reaction in iso- 50 
thermal conditions to take place. 
[001 4] Beside the continuous heat removal, it is In fact 
thanks to the suitable predetermined linear flow rate of 
such reactants in the tubes that it is possible to carry out 
said reaction In pseudo-lsothenmal conditions, trying to 55 
prevent the uncontrolled fomnation of carbon oxides and 
other by-products which are detrimental to fomnalde- 
hyde. 



[0015] For such reason, the gaseous reactants are 
made flow in such tube bundle at a predetermined 
crossing linear flow rate, according to the required res- 
idence time. 

[0016] The expression "residence time" is meant to 
indicate the minimum time required by the gas flow for 
crossing the catalytic bed, which is necessary for ot>- 
taining the desired reaction conversion yield. The term 
"crossing linear flow rate" is meant to indicate the flow 
rate of the reactants measured along a single crossing 
direction with respect to the catalytic bed, with reference 
to well defined gas temperature and pressure condi- 
tions. 

[0017] A drawback that is initially encountered when 
carrying out such oxidation, is the presence in the gas- 
eous reaction products of unreacted methanol, specifi- 
cally undeslred for some applications of the formalde- 
hyde. 

[001 8] In order to reduce the amount of such unreact- 
ed methanol, the British Patent UK 1 463 174 proposed 
to carry out a second catalytic oxidation step of the 
methanol itself. 

[0019] For such an additional oxidation, downstream 
of the first bed, a second catalytic bed is used to which 
the gaseous reaction products are fed at a reduced flow 
rate (0,5 - 0,25 times) with respect to the first catalytic 
bed feeding flow rate. 

[0020] Such flow rate reduction is obtained through a 
larger transverse section of the second bed with respect 
to the first catalytic bed. 

[0021 ] Further on, in such second bed no heat remov- 
al takes place, so that this operates in an adiabatic way. 
[0022] As heat is not removed, the additional heat pro- 
duced by virtue of this second oxidation causes an ad- 
ditional increase of temperature in such bed, increase 
which needs to be maintained within narrow limits in or- 
der not to damage the catalyst itself, making it possible 
to follow such modus operandi only In presence of low 
concentration of methanol. 

[0023] In fact, the expression "hot spots" is used to 
indicate the phenomenon of inhomogeneous tempera- 
ture increase involve first catalytic bed concerning only 
limited portions of the catalytic bed. 
[0024] The larger amplitude of the section causes a 
decrease of the crossing linear flow rate between the 
first and the second bed, which increases the residence 
time of the products inside the catalytic bed. 
[0025] This is disadvantageous for the purposes of 
the temperature control, of the completion of the reac- 
tion and of the catalyst life. 

[0026] Sometimes, further on, the gas exiting from the 
reactor tubes in which the first oxidation occurs has sub- 
stantial non homogeneity regarding flow rate and tem- 
perature from area to area, causing in the second bed 
phenomena of localized "hot spots". 
[0027] Therefore, as with the aforesaid modus oper- 
andi it is not possible to control in a critical way the tem- 
perature inside the second catalytic bed. it Is impossible 
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to remove the rest from the final products. Such so struc- 
tured second catalytic bed is hence little effective in 
completely converting the methanol into formaldehyde. 

Summary of the invention. s 

[0028] The technical problem underlying the present 
invention is that of providing a method for the production 
of formaldehyde from methanol with a high conversion 
degree, overcoming the drawbacks mentioned with ref- 
erence to the prior art 

[0029] According to the invention, this problem is 
solved by a method comprising the steps of: 

- feeding to a first oxidation catalytic bed a gas flow 
comprising methanol and oxygen at a predeter- 
mined crossing linear flow rate, obtaining at the out- 
let of the first catalytic bed a flow of gaseous reac- 
tion products comprising unreacted methanol; 

- feeding the flow of gaseous products to a second 
oxidation catalytic bed; 

characterized in that: 

the flow of gaseous reaction products comprising 
unreacted methanol is fed to the second catalytic 
bed with a crossing linear flow rate substantially 
equal to the predetermined first catalytic bed feed- 
ing flow rate. 

[0030] In case the methanol concentration is relatively 
high, with a corresponding intense heat production, it is 
foreseen to use a heat exchanger an-anged between the 
two catalytic beds, that guarantees an adequate tem- 
perature control of the gas fed to the second bed. 
[0031] The invention relates also to an apparatus 
aimed to complete the reaction, which has the features 
of claims 5-8. 

Brief description of the drawings 

[0032] The present Invention will be further described 
with reference to the attached drawings provided as an 
indicative and not limiting example only, in which: 

- figure 1 shows schematically an apparatus for car- 
rying out the method according to the present In- 
vention 

figure 2 shows schematically a reactor according to 
an alternative embodiment of the apparatus of fig- 
ure 1; 

figures 3 to 5 show further altemative embodiments 
of the apparatus according to the invention; 

- figure 6 schematically shows a reactor according to 



an altemative embodiment; 

figure 7 schematically shows a reactor according to 
a further altemative embodiment. 

Detailed description of the invention 

[0033] With reference to fig. 1 , an apparatus for car- 
rying out a method according to the present invention is 
shown in which a flow of gaseous reactants comprising 
methanol and oxygen is introduced in a first reactor 1 
through an opening 3. 

[0034] Such reactor 1, of substantially cylindrical 
shape, is of the type with inside it a pseudo-Isothermal 
catalytic bed 2 consisting of a plurality of tubes filled with 
a Fe-Mo catalyst and forming In turn a tube bundle. 
[0035] The Inlet side of such catalytic bed Is Indicated 
with 2a and the outlet side with 2b. 
[0036] Such catalytic bed 2 is characterized by a 
crossing transverse section of predetemnined ampli- 
tude, such amplitude being so determined so as to ob- 
tain the suitable crossing linear flow rate for realising the 
conversion of methanol into formaldehyde. 
[0037] As used herein, the expression "crossing 
transverse section" means the internal section of a duct 
or a catalytic bed, respectively. 
[0038] Such section Is measured perpendicularly to 
the flow direction inside the duct or the catalytic bed, 
respectively. 

[0039] The reactor 1 is further equipped with an open- 
ing 4 to which a duct 8 is connected, that, according to 
the embodiment shown, leads to a heat exchanger 10. 
[0040] Such duct 8 is connected, through the respec- 
tive ends, to the reactor 1 through the opening 4 and to 
a reactor 5 through the opening 9. 
[0041] The duct 8 is characterized by a crossing trans- 
verse section of predetennined amplitude. 
[0042] Such duct has at least a portion with a trans- 
verse section characterized by a reduced amplitude with 
respect to the transverse section of the catalytic bed 2. 
[0043] The reactor 5, of cylindrical shape, is provided 
at its ends with an opening 9 and an opening 7, respec- 
tively. 

[0044] Inside said reactor 5, a cylindrical catalytic bed 
6 of the adiabatic type is foreseen. 
[0045] Such catalytic bed 6 is characterized by a 
crossing transverse section of predetermined ampli- 
tude, such amplitude being reduced with respect to the 
amplitude of the crossing transverse section of the first 
catalytic bed 2. 

[0046] The flow of gaseous reactants is fed into the 
reactor 1 through the opening 3 at a temperature of 
1 80*'C-200'*C and at a predetennined flow rate such that 
the crossing linear flow rate inside the catalytic tubes, 
calculated with reference to the temperature of C'C and 
at the atmospheric pressure, Is in the order of 1,2-1,6 
m/s. 

[0047] Such predetermined flow rate guarantees an 
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ongoing reaction, allowing at the same time a satisfying 
control of the oxidation temperature. 
[0048] Such flow is in fact submitted to catalytic oxi- 
dation in bed 2« whereas the reaction heat is transfenred 
to a suitable diathennic fluid drcuiating outside of the 
catalytic tubes. 

[0049] Through such cooling technique, the gas flow 
is maintained within a temperature range, which, how- 
ever, at the location where the heating of the bed is the 
greatest, will reach 380 - 420 ^'C. 
[0050] As used herein, the term "diathermic fluid** 
means a fluid for the heat exchange at high tempera- 
tures that in tiiose conditions may even be subject to 
changes in its physical state. 

[0051] The gaseous reaction products exit from the 
outlet side 2b of the catalytic bed 2. 
[0052] Immediately downstream of the outlet of the 
tubes, the section of the reactor 1 substantially increas- 
es, with ensuing drastic reduction of the crossing linear 
flow rate of the gas. 

[0053] Such cooled products still comprise unreacted 
metiianol; this is the reason why they are fed into a sec- 
ond catalytic bed 6 and further reacted by means of an 
additional oxidation, as will be clear from the following 
description. 

[0054] In order to control in a critical way said meth- 
anol removal, avoiding undesired temperature peaks, 
according to the present invention, said gaseous reac- 
tion products, according to this embodiment of the 
present invention here shown, are suitably cooled down 
before being fed to the catalytic bed 6. 
[0055] Such further cooling occurs at the outiet of the 
reactor 1 by means of the heat exchanger 10 and cool 
the gaseous products to a temperature comprised be- 
tween 200 and 300 °C. 

[0056] Such cooling shown in this embodiment of the 
invention is anyway necessary only in case the percent- 
age of unreacted methanol present In the gaseous prod- 
ucts at the outlet of the catalytic bed 2, is greater than 
a value equal to some percentage points of its inlet con- 
centration to the reactor 1 . 

[0057] The gaseous reaction products partially con- 
verted in the catalytic bed 2 and cooled after having 
crossed the heat exchanger 10 are fed, through the duct 
8, in a second reactor 5 comprising a second catalytic 
bed 6 wherein the reaction is completed through a sec- 
ond catalytic oxidation that ti-ansforms the unreacted 
methanol Into fonmaldehyde. 

[0058] The reaction gaseous products cross the bed 
6 in a direction parallel (axial flow) to its main axis. 
[0059] In the present embodiment of the invention, the 
aforesaid amplitude of the crossing transverse section 
of the catalytic bed 6. is reduced with respect to that one 
arranged immediately downstream of the bed 2 so to 
guarantee a crossing linear flow rate of the gaseous 
products inside tiie bed 6, substantially similarto the one 
inside the catalytic bed 2. 

[0060] The reaction gaseous products, once the un- 



reacted methanol has been transfonned into formalde- 
hyde, are discharged through the opening 7 of the sec- 
ond reactor 5, products that comprise fonmaldehyde and 
are practically methanol-free. 

s [0061] As mentioned above, in case the methanol 
percentage contained in the flow of gaseous products 
entering Into said bed Is very limited, the reaction can 
reach its completion In the catalytic bed 6, without the 
exchanger 10 being used. 

10 [0062] In the aforesaid case, the temperature of the 
gaseous products as a consequence of the oxidation in 
ttie second bed 6 does not reach high values because, 
as it Is low the amount of methanol which reacts, it is 
also small the amount of heat produced and hence tiie 

15 increase of temperature is kept within acceptable limits 
without extemal intervention. 
[0063] In this instance, the reaction gaseous prod- 
ucts, in a not shown embodiment of the Invention, once 
crossed the catalytic bed 2, are fed through the duct 8 

20 directly into the catalytic bed 6, wherein the reaction will 
be tenminated without the heat exchanger 10 being 
used. 

[0064] Should the methanol be present in signiflcant 
although limited concenti-ations and not only in traces, 

25 it will be possible to avoid the use of the exchanger 10 
as the crossing linear flow rate of the products inside the 
catalytic bed 6 is substantially similar to that one inside 
the catalytic bed 2 and guarantees the necessary con- 
trol on the distribution of temperature. 

30 [0065] Such flow rate value is obtained through the 
specific sizing of the crossing transverse section of the 
bed 6, that has a reduced amplitude with respect to that 
arranged Immediately downstream of said bed 2. 
[0066] Such reduced amplitude of the section causes 

35 an increase of the flow rate, guaranteeing the achieve- 
ment of the condition required inside the catalytic bed 6 
for a correct completion of the oxidation reaction. 
[0067] Therefore, It Is convenient realising the new 
catalytic beds of the adiabatic type so that they are char- 

40 acterized by a greater crossing flow rate with respect to 
those of the prior art, thus distributing the thermal load 
which is sometimes localized as a "hot spot" to which 
the catalyst is subject, that can reduce its effectiveness 
with time. 

45 [0068] The residence time and the crossing linear flow 
rate are in fact controlled according to the kinetics itself 
of the reaction, to the gaseous products flow rate and to 
the transverse section of the catalytic bed. 
[0069] Anyway, the amount of the energy consump- 

50 tion needed for obtaining the required flow rate shall be 
evaluated; such energy is needed to compensate for the 
pressure drops caused during the crossing of the cata- 
lytic bed 6, and it can be found not convenient to woric 
at too high flow rates firom an energy balance point of 

55 view. 

[0070] In view of the aforesaid reasons, it is particu- 
lariy advantageous in the present invention to achieve 
adequate flow rates, which are useful both for enhanc- 
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ing the reaction yield and for obtaining a limited con- 
sumption of energy and a longer catalyst service life. 
[0071] With reference to figure 2 there is shown an 
alternative emtrodiment of the invention, wherein reac- 
tor 5, in which the second oxidation talces place, com- 
prises a catalytic bed 2 crossed by gaseous reaction 
products in a direction perpendicular to its axis (radial 
flow instead of axial flow). 

[0072] Such embodiment advantageously implies at 
equal yield a decrease of operating costs, because of 
the lower pressure drops obtained by such alternative 
embodiment as reported hereinbelow. 
[0073] Such cylindrically shaped bed 2 is character- 
ized by a reduced thickness of the catalytic layer with 
respect to analogous kinds of axial catalytic beds. 
[0074] The reduced thickness of the bed 2 favours the 
crossing by the reaction gaseous products, reducing the 
energy consumption. 

[0075] Such catalytic bed 2 is so structured so as to 

define a cylindrical inner chamber 34. 

[0076] An annular gap 1 2 separates the outer sidewall 

13 of the bed 2 from the gas-permeable wall 20, which 
is inside the reactor 5. 

[0077] The openings 9 and 7 guarantee the inlet and 
outlet of the gaseous products that cross the reactor 5, 
respectively. 

[0078] The catalytic layer forming the catalytic bed 2 
is delimited sideways by gas-permeable walls 18 and 
19, in its upper part by the layer 11 formed by granular 
material that does not take part to the reaction and in its 
lower part by the bed bottom 16, such bottom being im- 
permeable to gases. 

[0079] The bed 2 Is inserted in a cage structure exter- 
nally delimited by the aforesaid wall 20 and internally by 
the wall 17, which is also perforated; the whole assem- 
bly is supported by means of said bottom 16 on means 

14 arranged on the inner side of the reactor. 

[0080] The reaction gaseous products coming from 
the first reactor 1 . with reference to fig. 2, containing ox- 
ygen, methanol and formaldehyde flow through the 
aforesaid inlet opening 9 into an area 13 aimed at dis- 
tributing the gases in the reactor so that they are con- 
veyed inside the annular gap 12. 
[0081] From such annular gap, the gaseous reaction 
products reach with a radial flow pattern, the catalytic 
bed 2 through the gas-permeable wall 20 and the cylin- 
drical gap provided between the pemneable walls 20 and 
19. 

[0082] The transformed and methanol-free gaseous 
products reach the cylindrical chamber 15 through the 
permeable walls 1 7 and 18 and finally leave the reactor 
through the opening 7. 

[0083] Once they leave the reactor, these products 
are substantially free of unreacted gaseous metiianol. 
[0084] In order to guarantee an effective control of the 
inlet temperature of the gas into the second catalytic bed 
when the apparatus is operating, arrangements with ref- 
erence to figures 3, 4 and 5 may be used. 



[0085] Thus, for example with reference to fig. 3, the 
control is accomplished through a device which, by 
measuring the temperature of tiie gaseous products at 
the inlet 9 of reactor 5. operates adjusting the flow of a 
5 coolant that flows across the heat exchanger 1 0 through 
ttie pipelines 21 and 22. 

[0086] With reference to flg. 4. the temperature con- 
trol is canied out by means of a device that measures 
the temperature in the opening 9 for the gas inlet of the 
reactor 5, continuing the steam pressure of a boiler 23 
used for heat recovery. 

[0087] Such boiler uses the heat released inside the 
exchanger 10 by the reaction gaseous products in order 
to produce steam at a temperature detemnined by the 
control of the boiler pressure. 
[0088] The control device operates directly adjusting 
the pressure of boiler 23 by throtUing line 24. 
[0089] Finally, with reference to flg. 5, the temperature 
conti'ol is accomplished by means of a device according 
to which a first portion of the gaseous products to be 
cooled coming from the reactor 1 crosses the exchanger 
10 and a second portion is made to flow extemally of 
the exchanger 10 inside the duct 25 in order to be fed 
directly inside the reactor 5, in an amount determined 
by the device for the temperature control. 
[0090] The device operates just on such flow portion 
in order to carry out the temperature conti-ol. 
[0091] The invention so conceived may be modified 
or changed with all the alternative embodiments falling 
within the same inventive concept; thus, for example 
and with reference to figure 6, a reactor according to the 
invention is shown equipped with a duct 31 for feeding 
an additional flow of gas containing oxygen. 
[0092] The requirement to provide an alternative em- 
bodiment with such an arrangement, is due to the ne- 
cessity to guarantee the reaction of methanol and oxy- 
gen with an amount of oxygen adequate both for tine re- 
action stoichiometry and the maintenance of the oxida- 
tion state required by the catalyst particles. 
[0093] Differently from the previous ones, the appa- 
ratus obtained according to this embodiment has an ad- 
ditional duct 31 that is inserted inside the duct 8, such 
duct connecting the outlet opening 4 of the reactor 1 and 
the exchanger 10. 

[0094] Through such duct 31 a flow of gas containing 
oxygen is added to the flow of gaseous products coming 
out from the opening 4 of the first reactor 1. 
[0095] In onjer to achieve an optimum mixing be- 
tween the additional flow of oxygen and that one coming 
out fi'om the flrst reactor, a mixer 32 is foreseen down- 
stream of the exchanger 10 which operates effectively 
once the gaseous products have already been cooled. 
[0096] It shall be considered that such alternative em- 
bodiment, beside carrying out an effective control of the 
oxidation state of the catalysts, important for their activ- 
ity, and guaranteeing a feed of oxygen to the methanol 
oxidation reaction, allows carrying out a preliminary 
cooling of the gaseous products coming out from the re- 
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actor 1. 

[0097] With reference to fig. 7, an embodiment of the 
invention is shown which is alternative to that one of fig. 
6, carried out in a single reactor 40 equipped with a first 
catalytic bed 2 and a second catalytic bed 6. in fluid com- ^ 
munication through an amplitude reducer 41 of the 
crossing transverse section. 
[0098] A duct 31 for feeding an additional flow of gas 
containing oxygen is connected to such reducer 41. 
[0099] In such embodiment, a heat exchanger 1 0 and 
a mixer 32 are foreseen, which are both anranged In 
such single reactor 40. 

[0100] Finally, in such reactor 40 a catalytic bed 6 of 
reduced crossing transverse section with respect to the 
section immediately downstream of the catalytic bed 2 is 
is foreseen. 

[0101] Such bed 6 is of the type shown with reference 
to fig. 2. 

[0102] The feeding of such reactor 40 occurs in the 
same way disclosed in the previous embodiments of the 20 
reactor. 

[0103] The advantage achieved with such embodi- 
ment is that of obtaining a reduced overall size for the 
apparatus. 

[0104] Some non-iimiting examples of implementa- 25 
tion of the method of the present Invention are listed 
hereinbelow. 

Reference examples 

30 

Example 1 

[0105] A reactor according to the prior art is formed 

by 6000 catalytic tubes having a 20 mm inner diameter, 
a 800 mm high catalytic bed, comprising an upper layer 35 
of catalytic particles being arranged on a layer of cata- 
lytic rings placed underneath. 
[01 06] The reactor is fed with 8500 Nm^/h of gas thus 
reaching a flow rate equal to 1,25 Nm/s. 
[0107] Such gas contains 7% in volume of methanol 
and 1 0% in volume of oxygen. The inlet temperature is 
200 ""C and the diathermic fluid that laps the tubes ex- 
temally is maintained at a temperature of 270 ^C. 
[0108] The better yield achieved is 92.3 % of reacted 
methanol in formaldehyde, whereas the methanol con- 45 
centration in the gas leaving the reactor is 0,25 %. 
[0109] The gas then absorbed In water in order to ob- 
tain 1840 kg/h of a 40 % formaldehyde solution contains 
1,5 -1,6 % of unconverted methanol. 
[0110] The same reactor is equipped with a second so 
catalytic bed of the adiabatic type fomied by an addi- 
tional catalytic layer formed by the same type of ring- 
like catalyst introduced in the catalytic tubes located 
above it. 

[0111] The overall bed volume is 360 litres with a 55 
thickness of 70 - 80 mm. The operative conditions are 
similar to those already described for the first reactor. 
[01 1 21 The crossing linearflow rate of this bed is equal 



to 0.5 m/s, thus 40 % of the crossing flow rate of the 
pseudo-isothermal bed that comes before it. 
[01 1 3] The reaction gaseous products coming out of 
the tubes have a temperature of 293 °C. and reach tem- 
peratures in the range 296*^0 to 305''C by crossing the 
adiabatic catalytic bed. 

[0114] The methanol concentration in the gas dis- 
charged from the reactor is 0,16 % and the formalde- 
hyde solution obtained contains 1.1 % in weight of un- 
converted methanol. 

[01 1 5] The reduced concentration of methanol inside 
the formaldehyde solution obtained with the addition of 
the catalyst adiabatic layer without varying the operative 
conditions, exhibits the advantages relative to the addi- 
tion of an additional catalytic layer, although only a small 
increase in the amount of reacted methanol is obtained. 
[0116] When the methanol concentration In the feed 
gas Increases from 7 to 8 % in volume, the practical limit 
is given by the temperature peaks inside the tubes of 
the tubular reactor. The methanol content in the reacted 
gases coming out of the catalytic bed reaches a value 
higher than 0.56 %, more than the double of the previous 
case. The adiabatic catalytic bed Is capable of reducing 
such amount to a value below 0,27 %. Although the 
methanol fed is increased by 14,3 %, by virtue of a lower 
reaction selectivity the production increase in the 40 % 
fonmaldehyde solution is just 11 - 12% and the content 
of residual methanol is 1,6 % In weight. 
[0117] The temperature increase inside the adiabatic 
bed is 40 - 25°C, and is not homogeneously distributed 
along the bed where hot spots are to be found that reach 
even 400 ""C. Such spots are risky for the possibility of 
altering the oxidation process causing serious damages 
to the catalyst activity. 

Example 2 

[0118] A first reactor of the pseudo-isothenmal type 
was used without varying the operating conditions of ex- 
ample 1 . The gas coming from the primary reactor, avail- 
able at a temperature of 305 °C, is cooled according to 
the invention to 260 ""C before being introduced into a 
secondary reactor of adiabatic type. The cooling is ob- 
tained in a boiler that produces saturated vapor at 12 
bar. 

[01 1 9] The adiabatic catalytic bed has a 1 500 mm di- 
ameter, 320 mm thickness, in order to achieve the pre- 
ferred crossing linear flow rate of the invention, equal to 
1,35 Nm/s. 

[0120] After having crossed the catalytic bed, an 
evenly distributed temperature increase is encountered 
corresponding to a final temperature of 290 - 310°C, 
hence free of too inhomogeneous values. The pressure 
drop for the crossing of the second reactor is 0,08 bar. 
[0121] The concentration of reacted methanol in the 
treated gas is 0,16 % in volume that takes the total level 
of reacted methanol to 98,7 %. 
[0122] In the preferred embodiment of the invention 
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shown in figure 2. the secondary reactor is designed in 
such a way that the gas crosses rt in radial direction. 
[0123] The basket contains 660 kg of catalyst of the 
same type as for example 1 . The catalytic bed having a 
respective outer and inner diameter equal to 1200 and 
600 mm, respectively, is defined between two cylindrical 
vertical walls made of stainless steel with a mesh coat- 
ing 8. 

[0124] The bed is hold by a horizontal bottom plate of 
the basket made of a stainless steel sheet. The process 
gas Is introduced into the secondary reactor through the 
upper opening, in order to be distributed around the per- 
forated cylindrical surface extemally to the mesh coating 
containing the catalyst and forming with said coating a 
closed distribution chamber, with a width of 10 mm. 
[01 25] After having crossed the catalytic bed in radial 
direction towards the inside, the gas reaches the collec- 
tion chamber defined by said coating and by a further 
perforated wall, arriving into the central chamber of the 
basket, from which it is discharged through an opening 
on the bottom. 

[0126] The temperature increases by about 45 ""C dis- 
tributed inside the inner surface of the basket in a range 
from 3 to 4 °C and measures 305 °C at the outlet. 
[0127] The methanol concentration is negligible thus 
demonstrating its complete conversion. 



Claims 

1 . Method for the production of formaldehyde through 
catalytic oxidation of methanol, comprising the 
steps of: 

feeding to a first oxidation catalytic bed (2) a 
gas flow comprising methanol and oxygen at a 
predetenmined crossing linear flow rate, obtain- 
ing at the outlet of said first catalytic bed (2) a 
flow of gaseous reaction products comprising 
un reacted methanol; 

- feeding said flow of gaseous products to a sec- 
ond oxidation catalytic bed (6); 

characterized in that: 

said flow of gaseous reaction products com- 
prising unreacted methanol is fed to said sec- 
ond catalytic bed (6) with a crossing linear flow 
rate substantially equal to said predetermined 
flrst catalytic bed (2) feeding flow rate. 

2. Method according to claim 1 characterized in that 
said gaseous reaction products fed to said second 
catalytic bed have a temperature that is controlled 
in a temperature range comprised between 200 and 
300 X. 



3. Method according to claim 2, characterized in that 

said temperature range is comprised between 210 

and 260 **C. 

5 4. Apparatus for the production of formaldehyde by 
means of catalytic oxidation of methanol, compris- 
ing: 

a first catalytic bed (2) with crossing transverse 
10 section of predetermined amplitude; 

a second catalytic bed (6) with crossing trans- 
verse section of predetermined amplitude; 

15 • at least a duct (8) with crossing transverse sec- 
tion of predetermined amplitude in fluid com- 
munication between said first (2) and second 
(6) catalytic beds; 



20 characterized in that: 

said at least one duct (8) has at least a portion 
with crossing transverse section of reduced 
amplitude with respect to the amplitude of the 
25 crossing transverse section of the first catalytic 

bed (2). 

5. Apparatus according to claim 4, characterized In 
that said second catalytic bed (6) has a crossing 

30 transverse section of reduced amplitude with re- 
spect to the amplitude of the crossing transverse 
section of the first catalytic bed (2). 

6. Apparatus according to claim 4, characterized in 
35 that said first and second catalytic beds (2, 6) are 

supported within a same reactor, respectively, said 
first and second catalytic beds (2, 6) being recipro- 
cally in fiuid communication through said reactor. 

"^0 7. Apparatus according to claim 5, characterized In 
that said first and second catalytic beds (2, 6) are 
supported in respective reactors (1,5) reciprocally 
in fluid communication through said at least one 
duct (8). 

45 

8. Apparatus according to claim 7 characterized in 
that a heat exchanger (10) is housed in said duct 
(8). 

50 



55 
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